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NETL's Office of Research & Development

e Use-Inspired R&D to Enable Sustainable
Utilization of our Domestic Energy
Resources

e Collaboration to Speed Energy Technology -
Discovery, Development & Deployment

e Education of the Energy Leaders for
Tomorrow
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IGCC Power Plant System

Pre-combustion CO, Scrubbing

Cryogenic T
ASU Sulfur
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Coal —» 1,800-2,500°F Quench
Steam
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Comp.
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~63% COE Increase
r Power Block - ————————-" ————— CO, to Storage

Key Challenges: F

« Complex, integrated power process

« Additional process (WGS) to get
high capture rates

* Current technology (Selexol)
requires cooling and reheating
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NETL-RUA Goals

Research & Development Goal

 Accelerate the development of efficient, cost effective pre-,
post-, and oxy-combustion carbon capture technology

— Innovative technology development

— Lab-scale assessment of emerging technology

— Slip-stream testing of most promising technology
CFY12 | FY13 [ FY14 | FY15 | FY16 | FY17 |

Materials Design: Modeling, Synthesis, and Characterization
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Integrated Materials Development

Systems
Analysis

Performance
L Testing
Characterization —
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N,
Br

Pyridinium

Phosphonium
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Imidazolium

What is an ionic liquid?

Q Estimated 10'# possible ionic liquids

R4 /N‘N\

R4\|/R2 C6H1

N N
N 3. \\S/N\ //
FsC” \\ // CF;
R3\N1N\\N,R2
={ ~1000 ionic liquids commercially
1 available
Triazolium

« Highly Tailorable Liquid Salts

N - B

— Negligible Vapor Pressure
— Good Thermal Stability

| Br Cl
lodide Bromide Chloride

F
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1
F F
Tetrafluoroborate  Hexafluorophosphate

F
= (0]
F—|—so3
I P
Trifluoromethylsulfonate Acetate

0 . °
F O F>r 0o \||:<
Triflouroacetate

TF,N

— High CO, solubility relative to CH,, N,, and H,,

J. Chem Inf. Model. 2007 47, 1111-1122.
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Modeling

1. energy. structure

. v ye_force field l'= k( )2 k(o 0)2
° Force Fleld Ab initio OM _’JZ.chance.iorLeheld % =l a;

parameter Zk [|.,.cos(nx 6)}0- Ek W -y,

DeV el O p m e nt l 3. mechanism, etc.
— Inclusion of Polerizability

— Development of Fields for /\

Reactive ILs Thermodynamic properties.  Transport properties

from Monte Carlo from Molecular Dynamics

* Monte Carlo and —~——

m O I e C u I a.r d y n am I C S O f = Henry's law constant, mixed gas selectivity, transport coefficient; “»Search for better ILs
= . = Permeability, permeability selectivity; mmp| < Modify IL functionality
I L / H O / C O I n t e r aC t I O n S = Other process related properties such as heat of mixing; “»Discover new IL
2 2 = [nteraction mechanism: physical, chemical, intermolecular complex.

 Modeling of ILs Tepersaes o

0 50 100 150

contained in the pores S ——
of supports g : i g |
* Implement chemical ;
informatic approaches ; .
to search for promising 1

IL structures 5 .. .
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Effect of Water
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Confinement of ILs
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Synthesis

« Synthesize Promising
Candidate ILs
Suggested by Modeling

 Prepare Triazolium ILs
and Continue
Elucidation of the Effect Chemicaly 04T OWO o
of the Cation nieracting sty AR ;T%*;ﬁﬁ
— Regioisomers

 Develop Multivalent ILs
and Structured
Complex ILs
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Synthesis of Triazolium IL

NaN3

N3 ’” _Culh)

accessed

 Tunable electronic properties Y
- Widerange of anions can be  /
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/
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Modular synthesis
« Groups can be placed at >k )<F
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Fabrication

* Optimize IL-
containing Hollow
Fiber Fabrication

« Examine the
Mechanical Stability
of SILMs
— Coupons

— Hollow Fibers /ﬂ;‘;te;\@
| . : '/ \\\

Take-Up Drum

Core Dope !
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Characterization

X-ray Spectroscopic
Techniques

— Interaction of CO, and i | b l
Other Gases e e e

— Nano-scale
Heterogeneity

 Elucidate Inductive

Effects on CO, §o0
Solubility

— NMR Peak Shift 0z
— lonicity o
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Correlation of Physical Properties

Increasing lonic strength
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Fiber Mechanical Properties

Flow rate (SLPM)
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Performance Testing

OGN

- Examine the Solubility =7 — —au P e
of CO, in Novel ILs to . -
Screen for Applicability
as Solvents

Carrier Gas

« Measure the Membrane
Performance Properties
of SILMs Based on
Novel ILs

* Develop a High-
throughput Membrane
Screening System
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Membrane| | !

SYSTEM

Sweep

Permeate Gas

High Throughput Membrane Screening

Feed Gas

MFC

N

| léway
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| l6way
| valve
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Concentration
Measurement
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Membrane Performance
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CO, Solubility (Molar Basis)
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Anion = Tf,N Pressure = 3 bar Temperature = 37 °C

_ NATIONAL ENSRGY TECHNOLOGY LASORATORY



Systems Analysis

« Assemble a Team of Researchers and Systems

Analysts to Examine CO,-selective Membranes in
Power Generation Applications

 Begin Multi-scale Systems Analysis

— Membrane Layer Semi-empirical Transport %
_ Module Modeling of Membrane Laygr s{

» .
— Power Plant

Computational Fluid
Dynamics Modeling of
Module

Process Simulation of Power Plant
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Two-Step Counter-Flow/Sweep Design

Counter-flow/

sweep module
Cross-flow P

Particulate
removal

Coal

Compressor, blower
or vacuum pump

Flue gas line
CO, permeation line
Recycled CO, line

module Air sweep
@ I Treated
flue gas
 — — = 1.6% CO,
18% CO
= SR = 7% CO,
11
o
%2}
& SRk
CO,-enriched <
Permeate o
= 83% CO,
H,0 Liquid CO, for
sequestration
= 90% CO,
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NETL's Office of Research & Development Contacts

Cindy Powell
Director
cindy.powell@netl.doe.gov, 541-967-5803

Bryan D. Morreale
Leader, Materials Science & Engineering
bryan.morreale@netl.doe.gov, 412-386-5929

George Richards
Leader, Energy Systems Dynamics
George.richards@netl.doe.gov, 304-285-4458

Madhava Syamal
Leader, Computational & Basic Sciences
madhava.syamlal@netl.doe.gov, 304-285-4685

George Guthrie
Leader, Geological & Environmental Sciences
george.qguthrie@netl.doe.gov, 412-386-6571
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